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Description 

FIELD OF THE INVENTION 

5 [0001 ] This invention relates to burners for use in producing preforms from which optical waveguide fibers are drawn. 
BACKGROUND OF THE INVENTION 

[0002] Historically, halide-containing raw materials, such as, SiCI 4 or mixtures of SiCI 4 with various dopants, have 
10 been used in the manufacture of preforms by vapor phase deposition techniques, such as, the VAD (vapor axial dep- 
osition) and OVD (outside vapor deposition) techniques. 

[0003] In these procedures, the halide-containing raw materials are volatilized and then hydrolyzed in a burner to 
produce soot particles which are collected on a rotating starting rod (bait tube) in the case of VAD or a rotating mandrel 
in the case of OVD. In some OVD systems, the cladding portion of the preform is deposited on a previously-formed 
is core preform, rather than on a mandrel. 

[0004] Numerous burner designs have been developed for use in such processes, examples of which can be found 
in Moltzan et al., U.S. Patent No. 3,642,521 , Powers, U.S. Patent No. 4,165,223, Moltzan, U.S. Patent No. 3,565,345, 
and Moltzan, U.S. Patent No. 3,698,936. 

[0005] In particular, Suda et al., U.S. Patent No. 4,801,322, discuss the problem of soot particles adhering to the 
20 orifices of a burner (see column 12, lines 55-66); Kawachi et al., U.S. Patent No. 4,406,684, and Watanabe et al., U. 
S. Patent No. 4,91 5,71 7, disclose burners in which an outlet for a raw material is surrounded by an outlet for an inert 
gas; and Andrejco et al., U.S. Patent No. 4,474,593, disclose a burner employing concentric tubes, some of which 
have machined splines on their outer surfaces. 

[0006] The use of halide-containing raw materials generates substantial quantities of halide-containing by-products, 
25 e.g., hydrochloric acid. To avoid environmental pollution, these by-products must be collected, which increases the 
overall cost of the preform production process. Accordingly, halide-free materials and, in particular, halide-free, silicon- 
containing materials are desirable starting materials for the production of optical waveguide preforms. See Dobbins et 
al., U.S. Patent No. 5,043,002. 

[0007] As explained in the Dobbins et al. patent, particularly preferred halide-free, silicon-containing materials for 
30 use in producing optical waveguide preforms are polymethylsiloxanes, with the polymethylcyclosiloxanes being par- 
ticularly preferred, and with octamethylcyclotetrasiloxane (OMCTS) being especially preferred. These same halide- 
free, silicon-containing raw materials are preferred for use with the present invention. 

[0008] Although conventional burners can be used to oxidize halide-free, silicon-containing materials, such burners, 
having been designed for use with halide-containing raw materials, do not achieve particularly efficient utilization of 

35 halide-free materials. These deficits arise both from the burner's construction and from the exit locations at the burner's 
face of the various gases used in the oxidization process. As discussed in detail below, in accordance with the present 
invention, gas flow patterns and burner configurations have been developed which eliminate these deficits. 
[0009] In the OVD process, preforms can be made by traversing a single burner along the entire length of the preform 
or by using a series of burners mounted on an oscillating manifold, with each burner traversing only a portion of the 

40 preform. In the latter case, the uniformity of the burners relative to one another determines the longitudinal uniformity 
of the preform. 

[0010] Prior art burners have often exhibited substantial variability in their properties which, in turn, has resulted in 
an undesirable level of variability in preforms produced using such burners in an oscillating manifold. As detailed below, 
burner configurations have been developed which minimize this burner variation. 

45 

SUMMARY OF THE INVENTION 

[001 1] In view of the foregoing, it is an object of the present invention to provide burners which will effectively and 
efficiently oxidize halide-free, silicon-containing raw materials, such as OMCTS. 
so [0012] It is a further object of the invention to provide a burner construction which allows the burner to be assembled 
from its component parts and to be mounted on a manifold with a low degree of variability, i.e. to provide a high precision 
burner. 

[0013] The present invention provides a soot-producing burner comprising: 

55 (a) a burner subassembly (13) which comprises: 

a back block (106) having a plurality of gas-carrying passages (112, 114, 116, 126, 128, 130), 

a face block (1 02) having a central gas-carrying passage (1 84) and a plurality of gas-carrying passages (1 86, 



2 



EP 0 978 491 B1 

188) surrounding the central gas-carrying passage (note that as seen from the burner's face, the central pas- 
sage is bore 90; however, this bore is formed in fume tube 108, rather than in face block 102), 
a manifold plate (104) between the back block (106) and the face block (102), said manifold plate comprising 
a plurality of orifices (1 70, 172) for providing circumferential equalization of a pressure of gas flowing through 
5 the plurality of gas-carrying passages (186, 188) surrounding the central gas-carrying passage (184) of the 

face block (102), and 

means (105, 150, 152, 154, 156) for forming an assembly (13) of the face block (102), back block (106), and 
manifold plate (104); 

10 (b) a burner subassembly mounting block (107) for attachment to a gas-supplying manifold; and 

(c) means (140, 142, 144, 158, 160, 162) for mounting the burner subassembly (13) on the burner subassembly 
mounting block (107). 

[0014] In certain preferred embodiments, the burner includes a fume tube (108) having an integral manifold (110) 
15 which includes a plurality of orifices (1 68) for providing circumferential equalization of the pressure of gas flowing 
through central gas-carrying passage (1 84) of the face block (1 02). In other preferred embodiments, the manifold plate 
(104) includes a flange (105) for providing a precise alignment between the face block (102), back block (106), and 
manifold plate (104) in the assembled burner. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is an exploded view of a prior art burner. 

[0016] Figure 2 is a schematic diagram of a gas delivery system for use in the practice of the present invention. 
[0017] Figure 3 is a plan view of the burner face of the burner of Figure 1 . The indicated gas flows on this figure are 
25 those of the present invention. 

[001 8] Figure 4 is a plan view of a burner face constructed in accordance with the present invention. As in Figure 3, 
the gas flows shown are those of the present invention. 

[0019] Figure 5 is an exploded view of a precision burner constructed in accordance with the present invention. 
[0020] Figure 6 is a cross-sectional view of the precision burner of the invention along lines 6-6 in Figure 5. 
30 [0021] Figure 7 is a cross-sectional view along lines 7-7 in Figure 5 of the back block component of the precision 
burner of the invention. 

[0022] The foregoing drawings, which are incorporated in and constitute part of the specification, illustrate the pre- 
ferred embodiments of the invention, and together with the description, serve to explain the principles of the invention. 
It is to be understood, of course, that both the drawings and the description are explanatory only and are not restrictive 
35 of the invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0023] As discussed above, one of the aspects of the present invention is the arrangement of the various gas flows 
40 at the burner face. Such gas flows can be implemented using a prior art burner construction (although such implemen- 
tation does not form the subject of the present patent) or by using the improved burner constructions disclosed herein 
which form the subject of the present invention. 

[0024] Figure 1 shows a prior art burner 10 of the type previously used in the OVD process to produce preforms. 
Burner 1 0 includes face block 1 2, manifold plate 1 4, back block 1 6, fume tube 1 8, and inner shield manifold 20. Manifold 

45 plate 14 includes annularly arranged orifices 46 for providing uniform gas flows at burner face 34. O-rings 50 are 
received in grooves 48 of manifold plate 14 and serve to prevent gas leakage between the various passages of the 
burner. Fume tube 1 8, which is threaded at its rear end, extends through back block 1 6 and carries inner shield manifold 
20 at its leading end. In particular, in the assembled burner, inner shield manifold 20 abuts shoulder 52 of fume tube 1 8. 
[0025] Burner 10 is assembled by screwing fume tube 18 into the back of central aperture 22 of back block 16, the 

so rear portion of the aperture being threaded for this purpose, inserting O-rings 50 in grooves 48 of manifold plate 14, 
passing the manifold plate over the leading end of the fume tube and aligning bolt holes 26 in the plate with bolt holes 
24 in the back block, sliding inner shield manifold 20 onto the fume tube, and passing face block 12 over the leading 
end of the fume tube and aligning its bolt holes 28 with bolt holes 26. Bolts 30, only one of which is shown in Figure 
1 , are then inserted through aligned bolt holes 24, 26, and 28, and tightened to hold burner 1 0 together. The assembled 

55 burner is then mounted on a gas-supplying manifold, e.g., a multi-burner, oscillating manifold, by means of mounting 
flange 32 on back block 16. The gas-supplying manifold provides the various gases used by the burner by means of 
gas supply lines and gas tight fittings which mate with gas-receiving apertures (not shown) in the back surface of back 
block 16. 
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[0026J In practice, it has been found that the positioning of inner shield manifold 20 on fume tube 1 8 and the alignment 
of face block 12, manifold plate 14, back block 16, and fume tube 18 has varied from burner to burner. Also, the use 
of flanges 32 to mount a series of burners on a muiti-burner, gas-supplying manifold has resulted in variations in the 
locations of the burners relative to the axis of the preform being produced. Both of these variations are addressed by 
precision burner 100 shown in Figures 5-7 and discussed below. 

[0027] Figure 3 is a plan view of face 34 of burner 1 0. As can be seen in this view, the burner face contains a series 
of annular regions 36 through 44 through which the various gases and gas mixtures used in producing soot particles 
pass. Region 36 comprises the bore of fume tube 18, while region 38 comprises the space between the fume tube and 
the central bore 53 of face block 12. The remaining regions 40, 42, and 44 are each composed of multiple orifices, 
although continuous open rings, like that of region 38, can be used for these regions in the practice of the invention, 
if desired. Fume tube 18 can be recessed behind face 34 of face block 12 by, for example, about 2 millimeters. 
[0028] When used in prior art processes employing halide-containing raw materials, regions 36 through 44 carried 
the following gases: 

Table 1 



region 36 
region 38 
region 40 
region 42 
region 44 



halide containing raw material/inert gas mixture 
oxygen 

combustible gas/oxygen mixture 
combustible gas/oxygen mixture 
oxygen 



25 



30 



[0029] It has been found that the regions should carry the following gases when halide-free, silicon-containing ma- 
terials, such as OMCTS, are to be oxidized: 

Table 2 



region 36 
region 38 
region 40 
region 42 
region 44 



halide-free, silicon-containing raw material/oxygen mixture plus, optionally, inert < 

inert gas, e.g., nitrogen and/or argon 

oxygen 

oxygen 

combustible gas/oxygen mixture 



35 



40 



45 



50 



55 



[0030] This arrangement of gas flows is shown in Figure 3 for a system in which the halide-free, silicon-containing 
raw material is OMCTS, the inert gas is nitrogen, and the combustible gas is methane (CH4)- 
[0031] Figure 2 schematically illustrates a delivery system for these gases comprising regulated gas sources 54 
through 62, burner feed lines 64 through 70, gas mixers 72 and 74, and metering pump 76, flowmeter 78, preheater 
80, regulator 82, vaporizer 84, and valve 86 for vaporizing and dispensing OMCTS. Various equipment known to those 
skilled in the art can be used in the construction of the delivery system of Figure 2. For example, Cain et al., U.S. Patent 
No. 5,356,451 , discloses suitable equipment for use in vaporizing and dispensing OMCTS. Other equipment and de- 
livery systems can, of course, be used in the practice of the invention. 

[0032] In both Figures 2 and 3, as well as in Figure 4, "fume" designates oxygen supplied to region 36, "innershield" 
designates nitrogen supplied to region 38, "outershield" designates oxygen supplied to regions 40 and 42, and "premix" 
designates the methane/oxygen mixture supplied to region 44. Note that regions 40 and 42 can be considered subre- 
gions of a single region since they carry the same gas. 

[0033] The gas flow pattern shown in Figure 3 and set forth above in Table 2 provides for more efficient utilization 
of halide-free, silicon-containing raw materials, such as OMCTS, than that achieved with the prior art pattern of Table 
1 . In particular, in accordance with the invention, it has been determined that compounds such as OMCTS require a 
large amount of oxygen to completely react and little external heat since the compound contains a large amount of 
fuel in its own composition. 

[0034] The use of regions 40 and 42 to supply oxygen, rather than a combustible gas/oxygen mixture, as in the gas 
flow pattern of Table 1 , provides a high volume of oxygen at a position close to the fume tube sufficient to fully react 
OMCTS and similar compounds. Moreover, limiting the combustible gas/oxygen mixture to region 44 has been found 
to provide sufficient external heat for the oxidation process, while at the same time reducing the amount of combustible 
gas required for preform production. 

[0035] Significantly, it has been found that oxygen needs to be removed from region 38, i.e., the innershield, when 
oxidizing halide-free compounds such as OMCTS. If oxygen is used in this region, the soot stream has a tendency to 
touch down on the burner face and deposit silica around fume tube 1 8. Passing an inert gas, such as nitrogen, through 
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the innershield moves the reaction between the halide-free compound and oxygen to a point sufficiently far from the 
burner face to prevent soot deposition on the fume tube. 

[0036] Preferred feed/flow rates for the various materials/gases of Table 2 are as follows for the burner construction 
of Figure 1 and the burner face configuration of Figure 3: OMCTS - 13 grams/minute; fume 0 2 - 5 slpm (standard liters 
5 per minute); fume N 2 (optional) - 0.4 slpm; innershield N 2 - 3.8 slpm; outershield 0 2 - 7 slpm; premix CH 4 - 3.5 slpm; 
and premix 0 2 - 2.8 slpm. 

[0037] In practice, it has been found that deposition rate and collection efficiency are most dependent upon OMCTS 
feed rate, fume 0 2 flowrate, and target diameter, while soot preform density is most dependent upon total oxygen 
content (fume 0 2 flowrate and outershield 0 2 flowrate), target diameter, and burner to target distance. These param- 
10 eters can thus be varied to optimize deposition rate, collection efficiency, and preform density using process control 
procedures known to persons skilled in the art. 

[0038] The lack of a significant dependence of soot density on OMCTS feed rate means that soot density can be 
controlled independently of deposition rate. Specifically, soot density can be optimized to achieve a constant radial 
density profile and then the deposition rate can be optimized using the OMCTS feed rate without disturbing the constant 
15 radial density profile. In terms of commercial production, this is an important advantage of these gas flow patterns. 
[0039] Figure 4 illustrates an improved burner face construction for use in oxidizing halide-free, silicon containing 
raw materials. A comparison of Figures 3 and 4 reveals the following differences between burner face 88 of Figure 4 
and burner face 34 of Figure 3: 

20 (1 ) The number of orifices in region 98 of burner face 88 is half the number of region 44 of burner face 34. This 

causes the CH 4 + 0 2 premix flame to extend further away from the burner face and thus be more stable and less 
prone to flash back. It also results in a significant reduction in the burner's operating temperature (e.g., from about 
350-400°C to about 200-250°C), which, in turn, results in a significantly longer life for the burner's 0-ring seals. 
(2) Regions 94 and 96 of burner face 88 are closer to region 92 than the corresponding regions of face 34 so as 

25 to reduce the diffusion distance for oxygen from outershield regions 94 and 96 to fume tube region 90. Preferred 

diameters for regions 94, 96, and 98 are 7.9, 11 .9, and 17.0 mm, respectively, while those for regions 40, 42, and 
44 are 8.4, 13.5, and 18.0 mm, respectively. If the diameters of regions 94, 96, and 98 are designated D it D 0 , and 
D 4 , respectively, then it can be seen in Figure 4 that D 4 -D 0 is greater than D 0 -Dj. 

30 [0040] In addition to the foregoing changes, the focus angle, i.e., the angle which the centerline of an orifice makes 
with a normal to the face of the burner, was increased from 13° for the orifices of burner face 34 to 16° for the orifices 
of face 88. Also, while the orifices of regions 40, 42, and 44 of burner face 34 are all of the same size (e.g., 0.09 mm), 
the orifices of regions 94 and 96 of burner face 88 are approximately 1/3 larger than the orifices of region 98 (e.g., 0.12 
mm for regions 94 and 96 versus 0.09 mm for region 98). This increase in diameter reduces the velocity of the oxygen 

35 exiting these regions and thus keeps the oxygen flows from tearing the flame apart. Further, the diameter of region 92 
is somewhat smaller than the diameter of region 38 (e.g., 4.1 mm diameter for region 92 versus 4.6 mm diameter for 
region 38) so as to reduce to some extent the flow of innershield nitrogen. 

[0041 ] Preferred feed/flow rates for the various materials/gases of Table 2 are as follows for the burner construction 
of Figure 1 and the burner face configuration of Figure 4: OMCTS - 12.5 grams/minute (region 90); fume 0 2 - 5.5 slpm 

40 (region 90); fume N 2 (optional) - 0.0 slpm (region 90); innershield N 2 - 3.2 slpm (region 92); outershield 0 2 - 9.9 slpm 
(regions 94 and 96); premix CH 4 - 3.5 slpm (region 98); and premix 0 2 - 2.8 slpm (region 98). 
[0042] Deposition rate, collection efficiency, and soot preform density were found to depend upon the same param- 
eters discussed above in connection with burner face 34, although the dependence of deposition rate and collection 
efficiency on OMCTS feed rate for burner face 88 was about half that of burner face 34 and burner to target distance 

45 was found to play a more important role in deposition rate and collection efficiency for burner face 88. As with burner 
face 34, soot density did not show a significant dependence on OMCTS feed rate for burner face 88, thus allowing 
soot density to be controlled independently of deposition rate. 

[0043] Testing of burner face 88 showed that it provided a dramatic increase in deposition rate for small target sizes 
in comparison to the rate achieved with burner face 34, i.e., a 70% increase at a 7 mm target size (diameter). The 

so amount of increase was less as the target size increased, but was still significant, i.e., at a target size of 54 mm, the 
increase was estimated to be about 35%. Overall, the average deposition rate increase was approximately 25% for a 
target that was 0.7 meters long and had an initial diameter of 7 mm, i.e., 5.94 gm/minute for burner face 34 versus 
7.41 gm/minute for burner face 88 for a fixed density of 0.6 gm/cm 3 . Significantly, the increase in deposition rate was 
achieved without a loss in preform density. 

55 [0044] Figures 5-7 illustrate the burner construction according to the invention for use with a multi-burner, gas-sup- 
plying manifold. In particular, burner 100 shown in these figures can be assembled and mounted on a gas-supplying 
manifold with a high degree of precision. The burner is thus particularly well-suited for use in OVD systems wherein 
multiple burners are employed in the production of preforms, with each burner depositing soot on only a portion of the 
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preform. 

[0045] Although particularly advantageous for such multi-burner applications, precision burner 100 can be used in 
single burner applications, if desired. Similarly, although the preferred application of the burner is in the oxidation of 
halide-free, silicon-containing raw materials, the burner can also be used with halide-containing materials. In such a 

5 case, a gas flow pattern like that of Table 1 and a burner face configuration like that of Figure 3 will normally be used. 
For the purposes of the following discussion, it is assumed that the burner is used with halide-free, silicon-containing 
raw materials and thus has the gas flow pattern and burner face configuration of Figure 4. 
[0046] Precision burner 100 has five main components: face block 102, manifold plate 104, back block 106, fume 
tube 108, and burner mounting block 107. 

io [0047] In use, face block 1 02, manifold plate 1 04, back block 1 06, and fume tube 1 08 are assembled as described 
below to form subassembly 13, burner mounting block 107 is mounted on a gas-supplying manifold (not shown) by 
means of bolts 148 which pass through unthreaded bolt holes 146 in burner mounting block 107 and engage corre- 
sponding threaded bolt holes in the gas-supplying manifold, and then subassembly 13 is mounted on burner mounting 
block 1 07 by means of bolts 1 44 which pass through unthreaded bolt holes 1 40 in back block 1 06 and engage threaded 

is bolt holes 142 in burner mounting block 107. The use of bolts 148 to mount burner block 107 on the gas-supplying 
manifold, as opposed to flange 32 of prior art burner 1 0, provides improved repeatability in the mounting of an individual 
burner and reduced inter-burner variability in the mounting of a series of burners. 

[0048] Precision mounting of subassembly 1 3 on burner mounting block 1 07 is achieved by means of (1 ) alignment 
stud 1 58 which is carried by burner mounting block 1 07 and engages an aperture (not shown) in the back of back block 

20 106, and (2) raised face 162 of burner mounting block 107 which is received in recess 160 of back block 106 (see 
Figure 7). Raised face 162 and recess 160 are preferably machined into their respective blocks to insure a precision 
fit, e.g., these features are formed by turning of the blocks. These blocks, as well as face block 1 02 and manifold plate 
1 04 are preferably made of aluminum, which can be readily machined. Fume tube 1 08 is preferably made of stainless 
steel, e.g., 303 stainless steel. Other materials can, of course, be used for these components, if desired. 

25 [0049] O-rings 166, only one of which is shown in Figure 5, are used to seal gas receiving apertures 118 through 
124 in burner mounting block 107 to their corresponding gas passages in back block 106. At their rearward ends, gas 
receiving apertures 1 1 8 through 1 24 mate with gas supply lines and gas tight fittings (not shown) provided by the gas- 
supplying manifold. In terms of the gas flow pattern of Figure 4, gas receiving aperture 1 1 8 receives CH 4 + 0 2 premix, 
gas receiving aperture 120 receives OMCTS + fume 0 2 , gas receiving aperture 122 receives innershield N 2 , and gas 

30 receiving aperture 1 24 receives outershield 0 2 . 

[0050] The gas flows through the burner are schematically illustrated by arrows 132 through 138, where arrow 132 
represents the flow of OMCTS + fume 0 2 , arrow 134 represents the flow of innershield N 2 , arrow 136 represents the 
flow of outershield 0 2 , and arrow 138 represents the flow of CH 4 + 0 2 premix. As can be seen in the figures, large gas 
passages are used in all parts of the burner up to the burner face to reduce the differences in pressure drops between 

35 burners. 

[0051] As indicated by arrow 1 32, OMCTS + fume 0 2 enters burner mounting block 1 07 through gas receiving ap- 
erture 1 20, proceeds through fume tube 108, and ultimately exits the burner's face through region 90. Fume tube 1 08 
has a single diameter bored hole 90 for uniform pressure drop and is press fit into back block 106 until it reaches 
shoulder 176. In this way, a precision alignment is achieved between the fume tube and the back block. Burner face 

40 block 1 02 has a slide fit over fume tube 1 08 which provides alignment, as well as easy disassembly, of these compo- 
nents. The bored hole 90 of fume tube 1 08 preferably has a diameter of, for example, 2.2 mm. 
[0052] Orifices 168, which serve to equalize the pressure of the innershield gas, are formed as an integral part of 
fume tube 1 08. They thus form integral inner shield manifold 1 1 0 (see Figure 5). This is an important feature of precision 
burner 1 00 since it eliminates removable inner shield manifold 20 which was a source of substantial burner-to-burner 

45 variability for prior art burner 1 0. 

[0053] Innershield N 2 enters burner mounting block 107 through gas receiving aperture 122 (Figure 5), proceeds 
through gas passage 126 in back block 106 and into central aperture 112 of that block (see arrow 134 in Figure 7), 
passes through integral inner shield manifold 110, and ultimately exits the burner's face through region 92. As shown 
in Figure 7, passage 180 proceeds radially through back block 106 and serves to connect passage 126 with central 

50 aperture 112. Passage 180 is sealed at its outer end by a Lee plug. 

[0054] Outershield 0 2 enters burner mounting block 107 through gas receiving aperture 124 (Figure 5), proceeds 
through gas passage 1 28 in back block 1 06 and into inner annulus 1 1 4 of that block (see arrow 1 36 in Figure 7), passes 
through pressure equalizing orifices 170 of manifold plate 104, and ultimately exits the burner's face through regions 
94 and 96. As shown in Figure 7, passage 1 82 proceeds radially through back block 1 06 and serves to connect passage 

55 128 with inner annulus 114. Passage 182 is sealed at its outer end by a Lee plug. 
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region 98. 

[0056] Subassembly 13 is assembled by press fitting fume tube 108 into central aperture 112 of back block 106, 
inserting O-rings 164 into grooves 174 of manifold plate 104, passing the manifold plate over the leading end of the 
fume tube and aligning bolt holes 152 in the plate with bolt holes 150 in the back block, and passing face block 102 

s over the leading end of the fume tube and aligning its bolt holes 154 with bolt holes 152. Bolts 156, only one of which 
is shown in Figure 5, are then inserted through aligned bolt holes 150, 152, and 154, and tightened to hold burner 
subassembly 13 together. The tightening of bolts 156 bring O-rings 164 of manifold plate 104 into engagement with 
back block 1 06 and face block 1 02, thus preventing gas leakage between the various passages of the burner. If desired, 
a thermocouple may then be mounted in bore 178 in face block 102 (Figure 6). 

10 [0057] The press fitting of fume tube 108 into back block 106 has been found to result in substantially less burner- 
to-burner variability than that seen with the threaded approach for attaching the fume tube used in prior art burner 10. 
Also, the rear portion of fume tube 1 08 comprises a central bore meeting a flat surface. The rear portion of fume tube 
1 8 of prior art burner 1 0, on the other hand, had a large bore for receiving a gas fitting which tapered down to a smaller 
bore for carrying fume gases to the burner's face. In practice, it was found that the tapered area varied from piece-to- 

15 piece, leading to an overall increase in burner-to-burner variability. 

[0058] Manifold plate 104 includes flange 105 which serves the important function of accurately aligning face block 
102 and back block 106 with one another and with the manifold plate. The burner-to-burner variability seen in prior art 
burner 10 is substantially reduced through the use of this flanged plate. 
[0059] Without limitation, the following are examples of embodiments of the invention. 

20 [0060] The invention includes a soot-producing burner comprising: a burner subassembly which comprises:a back 
block having a plurality of gas-carrying passages, a face block having a central gas-carrying passage and a plurality 
of gas-carrying passages surrounding the central gas-carrying passage, a manifold plate between the back block and 
the face block, said manifold plate comprising a plurality of orifices for providing circumferential equalization of a pres- 
sure of gas flowing through the plurality of gas-carrying passages surrounding the central gas-carrying passage of the 

25 face block, and means for forming an assembly of the face block, back block, and manifold plate; a burner subassembly 
mounting block for attachment to a gas-supplying manifold; and means for mounting the burner subassembly on the 
burner subassembly on the burner subassembly mounting block. 

[0061 ] The invention further includes a soot-producing burner wherein the face block comprises a burner face having 
first, second, third, and fourth gas-emitting regions, the second region surrounding the first region, the third region 

30 surrounding the second region, and the fourth region surrounding the third region, the third gas-emitting region com- 
prises an inner gas-emitting subregion and an outer gasemitting subregion, the outer gas-emitting subregion of the 
third gas-emitting region surrounds the inner gas-emitting subregion of the third gas-emitting region, wherein each of 
(i) the inner gas-emitting subregion, (ii) the outer gas-emitting subregion, and (iii) the fourth gas-emitting region com- 
prises a ring of orifices, said rings having diameters D| D 0 , and D 4 , respectively, with the difference between D 4 and 

35 D 0 being greater than the difference between D 0 and Dj. 

The invention further includes a soot-producing burner wherein the face block comprises a burner face having first, 
second, third, and fourth gas-emitting regions, the second region surrounding the first region, the third region surround- 
ing the second region, and the fourth region surrounding the third region, the third gas-emitting region comprises an 
inner gas-emitting subregion and an outer gas-emitting subregion, the outer gas-emitting subregion of the third gas- 

40 emitting region surrounds the inner gas-emitting subregion of the third gas-emitting region, wherein each of (i) the inner 
gas-emitting subregion, (ii) the outer gas-emitting subregion, and (iii) the fourth gas-emitting region comprises a ring 
of orifices, the number of orifices of the fourth gas-emitting region being less than the number of orifices of each of the 
inner and outer gas-emitting subregions. 

[0062] The invention further includes a soot-producing burner wherein the face block comprises a burner face having 
45 first, second, third, and fourth gas-emitting regions, the second region surrounding the first region, the third region 
surrounding the second region, and the fourth region surrounding the third region, the third gas-emitting region com- 
prises an inner gas-emitting subregion and an outer gas-emitting subregion, the outer gas-emitting subregion of the 
third gas-emitting region surrounds the inner gas-emitting subregion of the third gas-emitting region, wherein each of 
(i) the inner gas-emitting subregion, (ii) the outer gas-emitting subregion, and (iii) the fourth gas-emitting region com- 
50 prises a ring of orifices having diameters, the diameter of the orifices of the inner gas-emitting subregion being (a) 
substantially equal to the diameter of the orifices of the outer gas-emitting subregion and (b) greater than the diameter 
of the orifices of the fourth gas-emitting region. 



55 Claims 

1 . A soot-producing burner comprising: 
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(a) a burner subassembly (13) which comprises: 

a back block (106) having a plurality of gas-carrying passages (112, 114, 116, 126, 128, 130), 

a face block (102) having a central gas-carrying passage (184) and a plurality of gas-carrying passages 

5 (1 86, 1 88) surrounding the central gas-carrying passage, 

a manifold plate (104) between the back block (106) and the face block (102), said manifold plate com- 
prising a plurality of orifices (170, 172) for providing circumferential equalization of a pressure of gas 
flowing through the plurality of gas-carrying passages (186, 188) surrounding the central gas-carrying 
passage (184) of the face block (102), and 

10 means (1 05, 1 50, 1 52, 1 54, 1 56) for forming an assembly (1 3) of the face block (1 02), back block (1 06) 

and manifold plate (104); 

(b) a burner subassembly mounting block (107)for attachment to a gas-supplying manifold; and 

(c) means(140, 142, 144, 158, 160, 162) for mounting the burner subassembly (13) on the burner subassembly 
is mounting block (1 07). 

2. A soot-producing burner according to claim 1 comprising a fume tube (108) which is press-fit into the back block 
(106), extends through the manifold plate (104), and is received in the central gas-carrying passage (184) of the 
face block. 

20 

3. A soot-producing burner according to claim 2 wherein the portion of the fume tube that is received in the central 
gas-carrying passage includes an integral manifold (110) comprising a plurality of orifices (168) for providing cir- 
cumferential equalization of the pressure of gas flowing through said central gas-carrying passage (184). 

25 4. A soot-producing burner according to claim 2 wherein the fume tube (1 08) has a uniform diameter central bore. 

5. A soot-producing burner according to claim 1 wherein the means for forming an assembly includes means for 
aligning the face block (102), back block (106) and manifold plate (104). 

30 6. A soot-producing burner according to claim 5 wherein the means for aligning comprises a flange (1 05) at the outer 
periphery of the manifold plate (104), wherein said flange engages both the face block (102) and the back block 
(106). 

7. A soot-producing burner according to claim 1 wherein the gas-carrying passages (1 86, 1 88) upstream of the man- 
35 jfold plate (104) have cross-sectional areas large enough to reduce a difference in a pressure drop. 

8. A soot-producing burner according to claim 1 wherein the face block (102) comprises a burner face (88) having 
first, second and third gas-emitting regions (94, 96,98), the second region surrounding the first region, the third 
region surrounding the second region, the third gas-emitting region comprises a plurality-of orifices the axis of 

40 each of which is: (i) directed towards the first region and (ii) oriented at an angle of at least about 14° with respect 

to a normal of the burner face. 

9. A soot-producing burner according to claim 1 wherein the gas-carrying passages (1 86, 1 88) upstream of the man- 
ifold plate (104) have cross-sectional areas, and the orifices (170, 172) of the manifold plate (104) have cross- 
es sectional areas, wherein the cross-sectional areas of the gas-carrying passages upstream of the manifold plate 

are larger than the cross-sectional areas of the orifices of the manifold plate. 



Patentanspruche 

50 

1 . RuGproduzierender Brenner mit: 

(a) einem Brennerunteraufbau (13), welcher aufweist: 

55 einen ruckseitigen Block (106), welcher eine Mehrzahl von gasfuhrenden Durchgangen (112, 114, 116, 

126, 128, 130) aufweist, 

einen vorderseitigen Block (1 02), welcher einen zentralen gasfuhrenden Durchgang (1 84) und eine Mehr- 
zahl gasfuhrender Durchgange (186, 188) aufweist, welche den zentralen gasfuhrenden Durchgang um- 
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geben, 

eine Verteilerplatte (104) zwischen dem ruckseitigen Block (106) und dem vorderseitigen Block (102), 
wobei die Verteilerplatte eine Vielzahl von Offnungen (170, 172) zum Vorsehen eines umfangsseitigen 
Druckausgleichs eines Gases, welches durch die Mehrzahl von gasfuhrenden Durchgangen (186, 188) 
5 stromt, die den zentralen gasfuhrenden Durchgang (184) des vorderseitigen Blocks (102) umgeben, und 

eine Einrichtung (1 05, 1 50, 1 52, 1 54, 1 56) zum Bilden eines Aufbaus (13) des vorderseitigen Blocks (102), 
des ruckseitigen Blocks (106) und der Verteilerplatte (104); 

(b) einem Brennerunteraufbau-Befestigungsblock (107) zum Befestigen an einem Gas-Versorgungsverteiler; 
10 und mit 

(c) einer Einrichtung (140, 142, 144, 158, 160, 162) zum Befestigen des Brennerunteraufbaus (13) auf dem 
Brennerunteraufbau-Befestigungsblock (1 07). 

2. RuBproduzierender Brenner nach Anspruch 1, mit einem Abgasrohr (108), welches mittels einer Presspassung 
15 mit dem Ruckblock (106) verbunden ist, sich durch die Verteilerplatte (104) erstreckt und in dem zentralen gas- 
fuhrenden Durchgang (184) des Auflager- bzw. Richtblocks aufgenommen ist. 

3. RuBproduzierender Brenner nach Anspruch 2, wobei der Abschnitt des Abgasrohres, welches in dem zentralen 
gasfuhrenden Durchgang aufgenommen ist, einen einstuckigen Verteiler (110) besitzt, welcher eine Mehrzahl von 

20 Offnungen (1 68) zum Vorsehen eines umfangseitigen Druckausgleichs eines Gases aufweist, welches durch den 

zentralen gasfuhrenden Durchgang (184) stromt. 

4. RuBproduzierender Brenner nach Anspruch 2, wobei das Abgasrohr (1 08) eine zentrale Bohrung mit einem gleich- 
maBigen Durchmesser aufweist. 

25 

5. RuBproduzierender Brenner nach Anspruch 1 , wobei die Einrichtung zum Bilden eines Aufbaus eine Einrichtung 
zum Ausrichten des vorderseitigen Blocks (102), des ruckseitigen Blocks (106) und der Verteilerplatte (104) auf- 
weist. 

30 6. RuBproduzierender Brenner nach Anspruch 5, wobei die Einrichtung zum Ausrichten einen Flansch (1 05) an der 
auBeren Peripherie der Verteilerplatte (1 04) aufweist, wobei der Flansch sowohl in den vorderseitigen Block (1 02) 
als auch in den ruckseitigen Block (106) eingreift. 

7. RuBproduzierender Brenner nach Anspruch 1 , wobei die gasfuhrenden Durchgange (186, 188) stromaufwarts der 
35 Verteilerplatte (104) Querschnittsflachen aufweisen, welche groB genug zum Reduzieren einer Druckabfalldiffe- 

renz sind. 

8. RuBproduzierender Brenner nach Anspruch 1 , wobei der Flachenblock (102) eine Brennerflache (88) mit einem 
ersten, zweiten und dritten gasemittierenden Bereich (94, 96, 98) aufweist, wobei der zweite Bereich den ersten 

40 umgibt, der dritte den zweiten umgibt, und der dritte gasemittierende eine Mehrzahl von Offnungen besitzt, von 

denen die Achse jeweils: (i) in Richtung des ersten Bereichs gerichtet und (ii) mit einem Winkel von zumindest 
14° in Bezug auf eine Normale zu der Brennerflache orientiert ist. 

9. RuBproduzierender Brenner nach Anspruch 1 , wobei die gasfuhrenden Durchgange (1 86, 1 88) stromaufwarts der 
45 Verteilerplatte (104) Querschnittsflachen aufweisen, und die Offnungen (170, 172) der Verteilerplatte (104) Quer- 
schnittsflachen aufweisen, wobei die Querschnittsflachen der gasfuhrenden Durchgange stromaufwarts der Ver- 
teilerplatte groBer als die Querschnittsflachen der Offnungen der Verteilerplatte sind. 



so Revendications 

1. Un bruleur de production de suie comprenant : 

(a) un sous-ensemble de bruleur (13) qui comprend : 

55 

un bloc arriere (106) presentant une pluralite de passages de transport de gaz (112, 114, 116, 126, 128, 
130), 

un bloc avant (1 02) presentant un passage de transport de gaz central (1 84) et une pluralite de passages 
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de transport de gaz (186, 188) entourant le passage de transport de gaz central, 
une plaque distributrice (104) plac6e entre le bloc arriere (106) et le bloc avant (102), ladite plaque dis- 
tributrice comprenant une plurality d'orifices (1 70, 1 72) destines a assurer une 6galisation circonferentielie 
de la presslon du gaz traversant la plurality de passages de transport de gaz (186, 188) entourant le 
passage de transport de gaz central (184) du bloc avant (102), et 

un moyen (105, 150, 152, 154, 156) pour former un ensemble (13) du bloc avant (102), du bloc arriere 
(106) et de la plaque distributrice (104); 

(b) une embase de montage de sous-ensemble de bruleur (107) destined a etre raccord6e a un distributee 
d'amen6e de gaz; et 

(c) des moyens (140, 142, 144, 158, 160, 162) pour monter le sous-ensemble de bruleur (13) sur I'embase 
de montage de sous-ensemble de brOleur (107). 

Un bruleur de production de suie selon la revendication 1 comprenant un tube de fum6e (108) qui est emmanche 
a force dans le bloc arriere (106), s'6tend a travers la plaque distributrice (104) et est regu dans le passage de 
transport de gaz central (184) du bloc avant. 

Un bruleur de production de suie selon la revendication 2 dans lequel la portion du tube de fum6e qui est recue 
dans le passage de transport de gaz central comprend d'un seul tenant avec elle un distributeur (1 1 0) comprenant 
une plurality d'orifices (168) destines a assurer une 6galisation circonf6rentielle de la pression du gaz traversant 
ledit passage de transport de gaz central (184). 

Un bruleur de production de suie selon la revendication 2 dans lequel le tube de fum6e (108) pr6sente un al^sage 
central de diametre uniforme. 

Un bruleur de production de suie selon la revendication 1 dans lequel le moyen de formation d'un ensemble com- 
prend un moyen pour aligner le bloc avant (102), le bloc arriere (106) et la plaque distributrice (104). 

Un bruleur de production de suie selon la revendication 5 dans lequel le moyen d'alignement comprend un rebord 
(105) a la p6riphe>ie ext^rieure de la plaque distributrice (104), ledit rebord faisant prise a la fois avec le bloc avant 
(102) et avec le bloc arriere (106). 

Un bruleur de production de suie selon la revendication 1 dans lequel les passages de transport de gaz (1 86, 188) 
en amont de la plaque distributrice (1 04) pr6sentent des aires de section droite suffisamment grandes pour require 
une difference dans une perte de charge. 

Un bruleur de production de suie selon la revendication 1 dans lequel le bloc avant (102) comprend une bouche 
de bruleur (88) comportant une premiere, une deuxieme et une troisieme regions 6mettrices de gaz (94, 96, 98), 
la deuxieme region entourant la premiere region, la troisieme region entourant la deuxieme region, la troisieme 
region 6mettrice de gaz comprend une plurality d'orifices dont chacun a son axe (i) dirige" vers la premiere region 
et (ii) et incline d'un angle d'au moins environ 14 degr6s par rapport a une normale a la face de bruleur. 

Un bruleur de production de suie selon la revendication 1, dans lequel les passages de transport de gaz (186, 
1 88) en amont de la plaque distributrice (1 04) ont des aires de section droite, et les orifices (1 70, 1 72) de la plaque 
distributrice (104) ont des aires de section droite, les aires de section droite des passages de transport de gaz en 
amont de la plaque distributrice 6tant sup6rieures aux aires de section droite des orifices de la plaque distributrice. 
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FIG. 2. 
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FIG. 6. 
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